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A ABSTRACT

California has no standard specifjcations or re~ulations
.w@ich specificallyzaddress the const}uction and outfitting
‘of special school buses required to transport wheelchair
confined students. The stanaard requirements for regular

- ;
“school buses are not suited for buses égrrying wheelchairs.

Therefore, whenever a new wheelchait bus is proposed, the

u*

Department of Education (DOE) must issue an exemption from
the regular school bus requirements. This practice has led

to inconsistency in apnroved systems.
i

F

A state-of-the-art scudy was made to assist DbE in develop- 1
ing specifications for its "“"wheelchair" school buses, in parti-
cular, outfitting c6mponents such as loading and securement

-equipment were addressed. The study entailed visiting twenty-
one entities, including school districts, transportation con-
tractors and suppliers; documenting their systems; and

¢valuating their equipment.

This report presents not only the findings and specification

recommendations, but also several questions raised during t.e

study on t;e behavior of wheelchairs and associated hardware
/

during a vehicular accident. Some of these questions can be

answered only by dynamic testing of the equipment.




ACKNOWLEDGEMENT

The authors wish to thank members of the advisory panel which
helped direct this research: Dr. Stanley McDougall, Department
of Educatidn; Charles Allen, California Highway Patrol; and

. T

. - .
Max Barney, Los Angeles City Unified School District.

The authors also wish to thank Jack Lieberman, chairman of
DOE's Ad Hoc Transportation Committee, and Captain E. Kynaston

of the Califofnia Highway Patrol for their excellent counseling.

P , ,
This project was done under the general direction of Charles E.

2ell, Office of Research and Deveiopment, Division of Mass

Transportation.

v

The contents of this report reflect the views of the authors,

who are responsible for the facts and the accuracy éf the

data presented herein. The contents do not ﬁecessarily reflect
the official views or policies of the State of California. This
report does not constitute a standard, specification,” or \Tf

regulation.

\ ! 4
| J




INTRODUCTION [

Section 6807 of the California Education Code states that
"...the governing board of a school district...shall provide —
transportation for those pupils whose physical handi&aps
prevegt their walking to school."” Section 16852 of\the same
code éives the -State Board of Education the authority to
adopt regqulations relative to‘theiconstruction, operation,
etc., of school buses. The Board has issued its specifi-

cations for school buses in ;he "California Administrative

Code, Title 5, Education."

To transport wheelchair confined students, a regular school
bus or another type of veiiicle must be modified by instglling
specialized equipment. However, Title 5 does‘not.inc;ude
dqtéiled specifications fo; such chéhges, aﬂ% each school .
district desiring to transport wheelchair confined students
muét firsé obtain an exemption to the standard school bus
Specificgt;onsigutlined in Title 5. This exemption is author-
ized under Séétion 14321 of Title é and was pro;ided‘theféin

so that alternative methods of meeting the in;én%yof the
VR ¢

Education Code could be introduced. ' *

Section 2807 of the California Vehi¢le Code stateg that "The
California Highway Patrol shall inspect every school bus at

least once each school year to ascertain whether its constru-
f
ction, design, equipment and color comply with all provisions

of law." Since there are no specific specifications, laws
A

Y

-]
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or reqgulations governing wheelchair facilities, the CHP has

a préblem complying with Section 2807. Without specific _/~\
guiéelines, the CHP inspectors are faced with £he problem

of interp}eting the intent :f‘the law which regulates sizes
of specific items on regular school buses whgg they are
establishing regquirements for similar items on whéeichaif
b&s?s. For instance, they consider the %ize of bolts requifed

to secure seats when they are evaluating the size of bolts

for wheelchair hold-down devices.

ot I
! '
1 Q

Lacking exact specifications, most decisions regarding wheel-

fchair buses are subjective ones, which ﬂFsult in undesirable

inconsistency in acceptable systems.

A simple solution to the problem is to include within Title 5
X \
specifications for "wheelchair" school buses. The CHP took

the first step by drafting some basic specifications, which \

it submitted to DOE with the suggestion that thefy be expanded.

DOE then formed an ad hoc committee and charged it with the

: »
responsibility of producing specifications for "wheelchair"

buses.

N OBJECTIVE .

\
The ybjectiﬁe of this study was to assist DOE's ad hoc committee

in érepa!ing specifications for loading and securement facil-
] h

!
ities used in transporting wheelchair confined school students.

*




RESEARCH PROCEDURE

A total of 21 different organizations, including school
districts, school bus contg;ctors, school bus manufacturers
and a service agency, were.yisitﬁd to determine the type
of’loﬁding and in—t;ansit securemgnt equipment néw being
used to transport wheelchair confined students. A list

of thqse visited is attached. . The demogréﬁﬁic areas that

the operators serve varies from city to rural. ,

©

During each visit, the loading equipment, the hardware com-
ponents for securing wheelchairs dufing transit and the type of

- '
passenger securement we:é closely observed and photographed.

%
In addition, a sub]ectlve evaluation was made of the easc
of operation of the varlous components, partlcularly during
adverse conditions such as fire or the threat of fire. Also
evaluated was the degree. to which the components would be
a patential hazard to passengers during a vehicularx accident.
' 5
h N

Finally, the various physical problems associated with
transporting wheelchair confined students were discussed

with the bus operators.

|

RESULTS AND COMMENTS

A brief description of\the equipment found is included yz;pﬂ
A'more detailed descriﬁgion, with photographs, is included

6 :
in a report written for th€.California Department of

Education.




Vehicles

Two basic types of vehicles are used by the properties visited
' for @raﬁspdrting wheeichair confined students. They are: ihe
speciqily designed school bus (Class I and the’commercial-type
van (Class II), (see Figure 1). [The van is by far the most
popular. The number of Class II vehicles ranged from 1 to 75

. per propérty, whereas Class I ranged from 2 to 25.,

7.

ened walls, raised and reinforced door. and raised door clear-

ance, (Figure 2). This van is certified by the manufacturer
to withstgpd the static load test of the School Bus Body

Manufacturers Association.

a

-

Class I Class 11
School Bus Classifications ’
Figure 1
3

-4- - °

One property has a van, which has been modified with strenqth-l
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-

Thé’ave;age capacitj of ,a Class II vehicWP is 4 wheelchairs,
the maximum number is 6. Class I vghicles are capable of

t\;hsporting larger numbers of wheelchairs, up to 21, but the

average varies from 5 to 10. Both types of vehicles carry

~—4§eatéd passengers in addition to wheelchairs.

/////{ Wheélchair Bassenéer§ face forward in all but 3 of the Class II

. vehitles. Sideway facing is the'giéepgipn. Sideway facing is
iﬂ , > .
the norm, with limited forward facing, in\Eﬁe\Q;aSS I vehicles."

L4

—_ - i

Modified Van

Figure 2

\

|
Most of the handicapped transported with the equipment studied

are between the ages of 3 and 21. A few persons over 21 are

also transported on special occasions.
-5
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In some vans, the roof was not hlgh enough to allow a high
school student of abOVe average helght to sit upright in hlS

chair. .. ' e

Most vehicle drivers are women. Male drivers are more pre-
valent if ramps are used for ldading.
1 M . .

Loading <

. Slightly more than half of the properties visited use lifts as

L

wheelchair loading equipment, 30 percent use ramps and slightly

less than 20 -percent use elevators (Figﬁre 3).

-

The popularlty of lifts stéms from a COncern about handlinqg
elther heavy wheelchairs or heavy passengers, especially by

. women drivers. Both Class I and II vehicles have been equipped

with lifts operated by electric-powered hydraulic pumps or
electric motors. Most lifts were mounted in the rear of the

vehicle in the interest of safety.

(ne property mentioned the need to install an interlock to pre-

vent accidental tilting of automatic, folding lifts whil~ loading.

\ .8 . a '
The heavy-duty lifté\are capable of handling loads much heavier
/ than a wheelchair. THis, in itself, is not, a disadvantage.
However, the excess capac1uy adds weight to the 11ft, which dls&

tracts from vehicle pérformance -and increases the effort for \

manual platform foldlng.

i ;)' /
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Elevator

’

Loading Equipment

Figure .3
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Llfts which block doors can be a _problem 1n the event of

an emergency, ‘especidlly 1f the vehlcle lqses power. In“

4

some cases, llfts with automatic tjlts could be»re&gased e

-

by manually bleeding ‘the hydra?llc llnes.

- A

‘The use of ramps was restrlcted‘fo vans due to their relati e

lower floors.\ The advantages of ramps 1nclude low installa-

tion cost, v1rtua&{§ no malntenance, and increased speed in

;unloadlng. The main disadvantage is dlfflculty in loadlng

-

and-unloading. ' For this reason, most properties ‘assign male
drivers to vehicles equlpped w1th ramps. Even then, twov

people are sometimes needed to load and unloead heavy pa=sen-

R
gers g! electric gheelchairs. Driver back injuriés have Dbeen

- attributed to g%e use of ramps. Most ramps are side mounted

. >’

.
‘o

Many operators expressed a dislike for rear mounted loading

'équipmehf because of the increased hazard of placing the

wheelchalr passenger in the street dJrlng the loadlng and

~
~
»

and can take advantage of curb height to reduce the slope. ﬁ“'~

unloadlnq o ) ' -

2

Side mounted ramps and lifts that store inside the vehicle

"are sharp hard objects that could be a hazard in an accident.

{
|

The padding shown in Figure 4 'reduces this hazar&. During
. ° - v )

‘
. » N
.




.Inside Storage of Raﬁp - With Padding

Figure 4

- o

loading and unloading, this pad is foclded onto the roof of

the vehicle so that it can protect the passenger's head from

the sharp top edge of the door frame;

1,

All the vehicles with elevators were of the Class I type.

A Extensive modification of the vehicle is required to recess -
B ) .'

¢ the elevator into its side. The driver opens the side doors
ol from the inside of the vehicle and rides the elevator up and

PRy

4 -

down with the wneelchair.

' _Methods used to prevent the wheelchair from rolling off the
platform of the lift or elevator included recesses in the

' floor and an eccentrically mounted flap on the,outboard edge
q_ N ) ; ] v‘;
ERIC . ‘
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of the platform. The driver's abiiity to remain with the
wheelchair on the lift is an impoftant consideration ‘in
minimizing potential problems. Most of the lifts and ele-
vators had this capability, with remote or primafy controls

mounted on the lift.

Passenger Securement

A standard automobile seat belt was useg by all properties
visited to secure passengers in transit. Twenty-five percent
secured the passenger to the chair only; 50 percent secured
them to the vehicle only; and 25 percent secured them to both

the chair and vehicle.

When the belt is either passed around or secured to the wheel-
chair back support frame and théﬁ around the.passéngep's waist,4
restq§in 1s epgndent on thé stfength of the wheelchair and
its secufement. Wheelchairs are designed to be as lightweight
as posgible. not to be heavy enough to secure a passenger
during a vehicu{ar accident. This view is supported by a

ma‘jor wheelchair manufactufér. A belt-securing the passenger

directly to the vehicle is a moie ppsitive system.

A direct securemeit of .the passenger to the vehicle serves as

secondary securemen* of the wheelchair. However, this secure-
ment should not be counted on too greatly. The chair must he
independently secured to prevent its impact from éauging injury
to the passenger in an accident. .

-10-
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The passenger should be secured to his wheelchair during load-

ing and unloading to prevent him from falling out, particularly

in the case of young children and those who cannot support
themselves when their chairs are subjected to unusual movement.
Passerigers have been known tc slide out from uﬁder belts restrain-

ing both the chair and the occupant. So, some passengers need

to be secured directly to their wheelchair during transit.

- [ 4
Belts with quick-release buckles speed securement and release.
In some cases, precautions are needed to prevent unsupervised

passengers from releasing their belts during transport.

Several cases were observes jhere adjustable tracks or other

-

belt anchcorages were fastened to the vehicle by means of sheet

meta) screws and other fasteners of questionable strength.

4

One case wac noted where the belt webbing was pierced by a

sheet metal screw and was subject to tearing.

Tharr Securement

Half of tﬁe properties visited secure the wheelchair by attach-
ments to the rims of the large wheels, the others by attachments

to the frame.-

In some cases, chairs positioned sideways could rotate back-
wards, threatening to strike the passenger's head against the

vehicle wall. 1In other cases, docking rails were used to

support the backrest frame of the chair and prevent this kind

of rotation.

e .. ’

-~
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Systems using chains, pins, or locking cams through the wheel
rims all provided a loose securement and would allow some move-
ment of the chair. In addition, these devices cause damage

to wheel spokes.

As in the case of passenger securement, wheeléhair securement
devices were sometimes attached to the vehicle with screws and
other fasteners of questionable strength. For example, one
device was found anchored by U bolts ﬁade by bepding threaded
rod stock to shape. Another had a link of its chain welded to
an adjustableqﬁrqpk fastener in such a way that bending stresses

would be induced in the weld metal. Welding and reworking of

material such as in these cases may cause undesirable loss of

e

strength unless proper precautions are taken. Since manufactured
fasteners of known quality are readily available, such "jerry -

rigged" modifications seem unnecessary.

The rim clamp shown in Figure 5 provides a fast, simple and
positive securement of the wheal rim. However, two clamﬁg
al-ne are not sufficient‘to prevent rotation 6f"£he chair about
the ro;} ;xlu. A third securement poi;t—-usually a strap- -is
used to prevent rotation. Mounting the rim clamp’ on the side
wall reduces its suitabilify for chairs with varying wheel

diameters.

i

Some securement devices were mounted across doorways, thercty

obstrusting the doocrs.

.
vy omb
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Rim Clamps on Adjustable Track

Figure S

Devices mounted on floor stands or other permanent fixtures

are obstructions that inhibit rapid removal of the wheelchair

Many of the frame anchor devices do not physically connect to

in case c¢i an emergency.

the wheelchair %rame. ‘@hey depend on clamping force to secure
the chair. An:example is shown in Figure 6. Should the chair
wheels collapse, such devices can lose contact with the. frame
and no longer provide restraint. The extra loading exerted on
them by the clamping force also increases the possibility of’
wheel failure, particularly if they are overtightened. The

chain and 'S hooks system shown in Figure 7 pulls inward on the

caster frame as the threaded rod is tightened. However, weight

17




nT" Bar Chair Securement

Figure 6 ' .

g

Cain and "S" Hook Chair Securement -

Figure 7 !

A “
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of the passenger on the chair during normal transit usually is
. sufficient to overcome this effect. On the other hand, should

~-__the bus overturn, such a devi~e would tend to force.the chair

-

: to close upon the passenger.’
~——

— >

The possibility 6f\Eﬁair‘gotation about its axis of securement

——

was found in devices such as Eﬁé\Q\bgg, and others with)single

attachment to the vehicle. Wheel frictioniaﬁ\the\gghicle floor

—

and péssenger securement to the vehicle are the only fo;Eés\pxg:

\

ration’ of the chair frame, some T bar devices are capable, if ¢ e

venting this rotation. In addition, depending on the configu-

not encouraged, to slide 6ff of the sloping chair frame where

v it is attached (see Figure 6). Especially with heavy wheelchairs,

- the T bar and hooked clamp devices do not restrain longitudinal,
movement. It is therefore possible that a sudden stop or an -

accident _could cause a passenger secured tc the vehicle to sus- - .
r hd -

1
v

tain chair impact. ) 7 >

A four-belt system--belts attached to the” four "corners" ‘of the
chair--easily adjusts to different size.chairs and positively
~ "%
. securcs the chair even if the wheels collapse. However, -.is

system may require slightly mbre time than others to secure to

the chair- or release during an emergency.

The most versatile wheelchair or passenger securement system

utilizes cargo hold-down equipment. Since this system feat" .'s

a continuous track, numerous locations are available for the

-15-
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snap-on anchors of the system.. The greater the number of
. tracks, the greater the versatility of the system. The fact
that the tracks wcrk equally well in the floor and on the

wall increases the versatility.

GENERAL DISCUSSION

[ 4

\\\ The combined efforts of the California Department of Education,
- the' California Highway Patrol, the school” districts, the school
"bus contractors, and the schoPl bus manufacturers have resulted

in an enviable .low school bus accident record in California.

~_ They are all to be commended.
\\ . ‘
e :
. For a Bettgz\appreciation of this record, note that:

o~ ~

~— o

: . During the 1i1724&*961 school bus miles driven

E

) L
in the 1972-73 school year, there was not a
A . ST

> & —

single bus bccupant fatality. In fact, there ——
N . \\

has been-only one pupil paésenger fatality in

the last five years.

The injury rate record is equally impressive.
There were only 167 pupilvpassengers‘injured
in 1972-73, which is an injury rate of just

0.95 per million miles traveled. )

“ /r
This outstanding record reflects a deep. concern for safety by
those responsible for transporting school students, a concern

which was continually manifested during this study. The persons

* , 20-
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interviewed repeatedly expressed a desire to transport wheel-
chair students ag safely as regular students. And there.does
appear to be a difference. Regular studénts are normally
transported in a Class I vehicle, one equipped with many more
safety features than the standard commercial van,.which is
usually useé to transport wheelchair‘confined students. The

van, a Class II vehicle, is also the most popular vehicle in

use for other special education transportation.

A

lacks all the safety featureés added to Class I buses, it can-
not possibly' be as safe. 1If, therefore, all'studeﬂts are to
be transported with equal safety, similar specifications are

needed for all types of school buses.
- L 4

~

One of the most striking examples of the need for similarity

is gas tank specifications.s During the study, great concern

3 o

was unanimously expressed for the need to evacuate the wheel-
* chair students “rapidly in case of an emergency. Yet no extra

preventive measures were found which had been made to minimize

P

\\\\5irhaps the most potentially damaging emergency of all, f..e.

£
c

So\bagastrophiésgre the effects of fire that rapid evacuation
is les;\important in a hazardous situation than fire preven-

AN
tion. If fire .does occur after am; accident, the loading mech-

anism: ramp or hydraulic lift, could jam, the driver could be
seriously injured, the bus could be overturned, the wheels of

.a wheelchair could be severely damaged, or a host of many

This is not to imply that the van-is unsafe, but since it .




things could occur which would either drastically slow or

o
completely preclude wheelchair evacuation.

Fuel spiliage is a prerequisite for a serious post-accident
f%el-fed fire. 'Thus, the nu;ber of fires can be lessened by
reducing the number of times fuel is spilled. At least two '
‘dchanges can be made iﬁ tpe van—type vehicle which wouid-re-
duce the likelihooﬁ of fuel spillage during an accident,

relocating the fuel tank or providing a“fupture-proof tank.

It is beyorid the scope of this study to investigate the pro- R

blem of the post-accident fuel-fed fires on.vehicles trans~-

porting wheelchair confined students. The problem is a very

'serious ohe, however, and deserves special study.

The practice of modifying a commercial type van for use in

transporting wheelchair students as opposed to a Class I bus

or a special-built van was discussed duriquth% interviews.
N

Apparently, the frequent use of the van for transporting
wheelchair students is motivated by two pr%@g{yﬂiaétags, low

b K

ncecupancy demand and apparent economy. ¢

v

™

In mait school districts, "the density of wheelchafr‘sﬁﬁdey 3

+

is low; therefore, the demand for ridership is too small to

warrant the use of a large capacity Class I .bus. . .

§ ¢
Y

It is reasonable to assume that the commercial, off-the-shelf,
- A 4
van costs less than a specially—bﬁilt van-type vehicle. The’

big question is, how much less? Most of those interviewed

“ -18-
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" thought that when the modification of @ commercial van, parti7
%) ‘
cularly when the roof is raised, is included in the total cost,

the cost differential tetween the two vehicles would be small.

All agreed that, from a éafety standpoint and from the stand-
point of durability and maintenance requirements, a specially-
buil; hicle would be far superior to an'off—th;jshéifJcommercial
van. Hoﬁevér, until more stringent requiremgnts‘;re placed on

the Class II vehicle, the off-the-shelf van will continue to be

the most popularf

“ R
LT 9

The advantages of a vehicle designed and built forg,the express
purpose of transporting wheelchair confined students are so i ;
numerous that a cost/benefit comparison study should be ma‘e

.+

- between such a uniE and the off-the-shelf van.

Another subject frequently brought upg&as‘the possible -behavioft

L ]
of the student's wheelchair during an accident.

- <

The most often expressed opinion was that the wheels are’ the

-

—— ' weakest part and would probably collapse in an accident. TFor
‘ that reason, manv were opposed to using hold-downs which attach ,

to the wheels. However, . insofar. as securement is concerned, a .

—— ¢

N ' positive attachment to the wheels would prevent excessive move- ”

o

ment of the chair even if the wheels did collapse. fTherefore,

the deciding criterion for acceptance should be any-system which

< - +

‘o precludes excessive movement of the chair during a vehicular
- . ' ' \

) " accident, - \\

. Some of the equipment found might bLe presenting a false sense

of securement: Although certain types of equipmeht have been ) 1




performing adequately during normal usage, how they would per-
form during a vehicular accident is highly questionable. For

instance, the hardware used to attach some of the equipment to
the vehiele appeagedxto\havé ariple static loading resistance

-~

but did not appear to have adeqguate impact resistance.

It is obvious from the difference of opinion on .the behavior
of the wheelchair and its associated hold-down hardware in a

vehicular accident that dynamic testing of full scale equipment

T~

W

L]

is needed. -

, CONCLUSIONS

1. ﬁven though the school bus occupancy injury and fatal-
ity rate is very low in California, the DOE and CHP
have a justifiable concern for the need kor statewid
standard specifications for hardw-re cqmponéntggon

buses used to transport wheelchair®students.. ‘ ;

~

™o

Tge use of manufactured securement equipment should be

3. More <pphasis needs to be placed on . fire 'preventive
measures for vehicles used to: transport physically

handicapped students.

/

Y

4, Static and dynamic testing of wheelchair and student

securement is needed.

- -

5. The standard commerical van is deficient in the
following areas insofar as its use as a school bus for

wheelchair students: 24

" =20~




3

4

. taken to obtain physical test data on the hardware components

1. Vehicle Floor:

a. Inadequate headroom for most high school .age

studénts;

” b. Lack of safety features comparable to the bus .
used for transporting other than special . .

education students.

6. A cést/benefit study, measured with respect to safety,
is needed on buses built for the specific purpose of
transpbrting wheelchair confined students.

RECOMMENDATIONS

\

Three sets of recommendations are offered. One set -- interim --
- ¢ : ‘
will cover the adoption of hardware component specifications

which were selected by engineering judgment. This set should

be implemented as soon as poOssible.

.

1

The second set -- future -- covers action which should be

)
st .

recommended for interim implementation. After these data are

collected and eévaluated, the specifications sheuld be revised

. ’
accordingly.

R \

Ever though the subject areas are outside the objectives of
this study, the third set -- special ~- will cover two areas

which concern operators of special education transportation

vehicles. .

{Interim)
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3 . ;Y -
. . . . N 3

. -

'?he floor of the vehiclé\Shali:

a. Be .level*and free of projecting mount{_gs or
. ' fastenlng devices for\securemént equlpment \\\\

. €

.

4/ when the equipment is not in use;

. - .
—

[
-
- N .

b. Have a nonskid surface or coyering.

2. Loading Equipment: . .
“~
a. Loadlng equipment shall have nonskid surfacing

in the walkway portion, iqcluding ramp steps,

.

b. Llft and elevator equlpment shall have stops to-

R minimize the possszlify of a wheealchair rolling

*

- off the lift platforms; . o ' 3 ]
y S / ’

[y ‘ v ’ .

e. Loading equipment shall be provided with pro- j o

Ft

tective padding when it is expoégd inste the
' vehicle; ’ '

.. °

d. Loading equipment that blocks doorways, shali be-

" equipped with a manual, externally operated ) -

emergency release mechanism capable of clearing

o ks . ' N 3

the doorway;’ s
* ~ ’ >

e.. Controls for lifts and elevators shall be located
in close proximity to-the lifting platform; e ‘

. £. Ramps dgrried,@n a vertical position inside the

vehicle shall be secured at their top during ot
transit. R
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Wheelchair Secureﬁent:

« Equipment for securing.wheelchairs during transit shall:
« ) ) ' N

d.- Consist of woven webbing or metal fasteners. The
- ) ) 5 .
webbing. shall be of approved cargo or seatbelt-

’ type:' Fastenings'oilwebbinb'to.mounting points
shall be in accord%nce with'ﬁanufactufér's'speci-

fichtione. All fasteners shall have a rated
y
capacity of not less than three thousand (3. 000)

. ~

pounds;

b. Consist of a sinimum of two for each wheeIchair,

.with eagh to beN;;EEted-seyarately‘to the vehicle -

and have separate points of attachmeént to either .
. x A .

’ the frame or wheels of the wheelchair; C
. ) “ B 4 ; ) ‘,\ - It

c. Be mounted SO ‘that the chair is prohibited from, 4*‘
mov1ng more than three inches in eluner a stralght L
.
or circular direction and from tipping in tte’ L

@ . o

. event the vehicle is ovzrturned;
i o | .
d. Be §ec;}ed to the vehicle with not less than’3/8

. {noh bgAts, 1ockwasners(and'nuts, or self-locking -

4 nuts, of a strength designation not less-than -

Society of Automobile Engineers g}ade 5. .The" . -

¥ mounting bolts should pierce the vehicle frame, : v

- o

sybframe, body post’or equlvalent metal structure.

If they fa11 to pverce any one of those areas, a

;reinforcement plate or washgr not less than 1/16

-23- S
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inch thick and 2 inches square or 2% inches in
diameter,shall'be_proviaed between the bolt

head and metal pierced;

e. Be capable of restraining the wheelchair in the
event the wheelchair wh&éis cellapse.

» 2

) . - ‘ﬁ:
adjustable tracks are used as part of the securement equip- -

1f

TR ment,’ the tracks shall be secured to the vehicle at intervals .

-
. s s, - .

not less than specified by the manufacturer.

“ ‘ . - . 5 P L}

4

-
R . 8 - .

>, - --Fhere webbing type equipment.is used, release buckles shall be

.
' -
-~ N *

. .t~ ' positioned so "as’' to have direct in-linc tension.
- DA e (¥
Y . . . . ) N “ _‘
,«%l . Electric wheelchair batteries shagl be secured to the wheel-

chair du?ing-tran§}t1
‘-

A~ : : e

4, Passenger Securemént: ' £ '

. . 3 . . T rE ')'° . -
, A

. a. Each passenger shall be secured to the vehicle

- by a standard webbing type seatbelt securéékto

. "the vehicle in the same manner as the chair : .
' o securement equipment e#cept tﬁaf attachment of o
the éeatbeit to the vehicle may be made by a
~ ° single 9/16 or two 7/16 inch bolts; _
T
b. . PasSengeré who afe not, capable of preventing a . ‘
fall from their wheelchair shall He secured to
the wheelchair by a standard webbing Eype seat~ . ~ §
belt, ) . M
_ 28 ' . '
. . - ;
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(Future) > ’

. 5. Perform static tests on thaécequipment which by engi- .
I

neering judgment appears to have less than desired

- 1

strengﬁh.

K 6. Perform crash tests of prototype vehicles coﬁtaiﬁing > :
: ’ .simulated wheelchair students, the students to be
instrumented so as to obtain body reactions during the
/test. Interior movies shouid-be taken so as to‘record

counterreactions of ‘students and equipment, with spec-

ial attention paid to the behavior of the wheelchair

< and its securement equipment.
i ) e
(Spccial) ,
S, S »
/ T . . - : .
7. Conduct a probability and preventive study on fuel

spillage post-accident fires involving commercial van

type vehicles. .
8. Conduct a cost/benefit study, as measured with respect
to safety, on a low volume vehicle designed and built

for the specific purpose of transporting wheelchair

confined students.

‘.
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